The concept of central trees of a graph has attracted our attention in relation to electrical network theory. Until now, however, only a few properties of central trees have been clarified. In this paper, in connection with the critical sets of the edge set of a graph, some new theorems on central trees of the graph are presented. Also, a few examples are included to illustrate the applications of these theorems.
Introduction
The concept of central trees of a graph was originally introduced in 1966 by Dee [i] in relation to the reduction of the amount of labor involved in Mayeda and Seshu's method of generating all trees of a graph and subsequently considered in 1968 by Malik [2] and in 1971 by Amoia and Cottafava [3] . Also, its close relation to the formulation of a new network equation called "the 2-nd hybrid equation" (which will * The main part of this paper was presented at the 14-th Asilomar conference on Circuits, Systems and Computers held on November [17] [18] [19] 1980 at Pacific Grove, California, U.S.A. be shown in the appendix) was pointed out in 1971 by Kishi and Kajitani [4] and subsequently considered in 1979 by Kajitani [5] in a new context.
Until now, however, only a few properties of central trees have been clarified [3, 6, 7, 8] .
In this paper, in connection with the critical sets of the edge set of a graph, some new theorems on central trees of the graph are
given as a few extensions of the results obtained already in [6, 7] .
Throughout this paper, we adopt the usual set-theoretic conventions: set union, set intersection, set inclusion, proper inclusion and set difference are denoted by the familiar symbols U , ~ , C , c and -, respectively. The empty set is denoted by ~ and the cardinality of a set A is denoted by IAI.
Critical Sets
Throughout this paper, G is used to denote a nonseparable graph of rank r[G] and nullity n [G] , and E is used to denote the edge set of G.
For any subset S of E, a graph obtained from G by deleting all edges in E-S is denoted by G • S, and a graph obtained from G by contracting all edges in E-S is denoted by G × S. G • S and G x S are called a subgraph and a contraction of G, respectively. For RC S C E, a graph obtained from G by deleting all edges in E-S and then contracting all edges in S -R is denoted by (G • S) x R, which is called a minor of G. Then, for R_< S C_E, we have the relations: 
(ii) for R CS_C
(iv) for e ~ E,
(vi) for R , S c E,
For any ~ such that 0 < ~ < co , and for any subset S of E , 
where 0 ~ s0 < c I, c I ~ el < c 2, c 2 ~ e2 < c 3 ..... Ck ~ ~k < Ck+l' Ck+l ~ ~k+l < ~ and
Here such numbers c. are called the critical numbers of E, and a parti-1 tion (X 0, X I, X 2 ..... X k ) of E such that
is called the principal partition of E with respect to all ~ such that 0 ~ e < ~ , which was given in 1976 by Tomizawa [12] .
Here, it should be noted that all the critical sets of E with respect to all e such that 0 ~ ~ < ~ can be obtained by Tomizawa's algo-
Central Trees and Their Properties in Connection with Critical Sets of G is called a central tree of G if = E -T and T = E -T [i]. s A tree T s r[S • T~ s] ~ r[S • T]
for every tree T of G where T s
[Theorem 1]
If, for a critical set S 1 ci ~ ai < Ci+l ' there exists a tree T s
are satisfied, then T is a central tree of G. 
and for any
Now, suppose that there exists a tree T of G such that the condi-S tion (i-i) is satisfied, then we have the relations:
from which it follows that for every tree T of G we have
= .
. < a. < c we have because 1 i T i Here, considering c I :
for every tree of G. Furthermore, suppose that the condition (1-2) is satisfied, then for every tree T of G we have
from which it follows that for every tree T of G Hence we see from the theorem 1 that T is a central tree of G. Hence we see from the corollary 1-2 that T is a central tree of G.
If, for a critical set S of E with respect to e. such that l ci ~ ~i < Ci+l ' there exists a tree T s of G such that (2-1) S~i C Ts = E -T s , 
--I -n[(G-T s) x (T s -S i)] (28)
(
I< -S~il = r[ (G • T~) × (T~ -S~.)] + n[(G °-Ts) × (% -S i)] (31)
1 is satisfied, we have
for every tree T of G. If, for a critical set S of E with respect to e. such that 1 ci ~ ai < Ci+l ' there exists a tree T s of G such that If there exists a tree T s of G such that for a critical set SI/2
Of E with respect to 1/2 there holds [6] . In 1980, as an extension of the corollary, the theorem 3 was proved in an elegant way by Shinoda, Kitano and Ishida [7] .
Indeed it was the proof technique of the theorem 3 shown in [7] that suggested the present investigation.
Conclusions
In this paper, in connection with the critical sets of the edge set of a nonseparable graph, some new theorems on central trees of the graph have been given as a few extensions of the results obtained already in [6, 7] .
Since all the critical sets of the edge set of a nonseparable The above was originally pointed out in 1971 by Kishi and Kijitani [4] and subsequently considered in 1979 by Kajitani in a new context [5] .
